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= Které molekuly zapojené v regulaci
apoptdzy jsou nejslibnéjsim cilem
protinddorové terapie a proc?

Hyrslova Vaculova A., 2012



Apoptdoza a jeji vyznam

m Geneticky kontrolovany proces cilené
sebedestrukce bunky

= Eliminace nepotrebnych, poskozenych,
nebezpecnych, mutovanych ¢i jinak
pozménénych bunék za dcelem udrzeni
homeostazy mnohobunééného organismu

Hyrslova Vaculova A., 2012



Morfologie -
% nekroza vs. apoptoza N

ztrata integrity = bobtnani cytoplazmaticke
plazmaticke membrany, integrita
membrany membrany neni porusena

bobtnani cytoplazmy = zmenseni velikosti bunky
a zvetseni bunky

= kondenzace a specificka

rozbiti jadra fragmentace jaderného
chromatinu

desintegrace = udrzeni integrity

bunéénych organel intracelularnich organel

, « = formace tzv.
kompletni lyze bunky apoptotickych bodies
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Necrosis

normal WBC apoptotic WBC

http://spsscience.blogspot.com/2010/11/cell-even-die.html

http://www.cyto.purdue.edu/flowcyt/rese oy e )
arch/cytotech/apopto/data/chapl10.htm Hyrslova Vaculova A., 2012



Apoptosis

a Viable Apoptotic

b

Phase contrast

(Taylor RC, Cullen P, Martin SJ, 2008)
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Nekroza versus apoptdza

= Postihuje skupiny = Tyka se

bunek jednotlivych bunék
= Indukovana = Indukovana
nefyziologickymi fyziologickymi
stimuly stimuly
m Poskozeni okolni = Fagocytoza
tkané - vyliti makrofagy
?OXiCk?Ch latek = Neni zdanét

= Spousti zaneét

Hyrslova Vaculova A., 2012



Crucial importance of balance between
cell proliferation and death

Proliferation
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- deregulations... serious consequences....
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Cell death research field
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Apoptoza a ndadorovd onemocnéni

o Nador‘ova onemocnem - nejvice zkoumany typ
onemocnéni v souvislosti s defekty apoptozy

= Charakteristicky znak nadorovych bunék -
deregulace apoptozy - omezeni spom‘anm apopTozy,
rezistence k pusobem induktort apoptozy (.chybny
apoptoticky program")

= Strategie protinddorovd terapie - cilené spusténi
apoptézy, eliminace nadorovych bunék, bez
poskozeni okolni zdravé tkané organismu

Hyrslova Vaculova A., 2012



Hlavni problémy soucasné protinadorové terapie:
- Omezenad selektivita, vyrazné poskozeni

zdravych tkani organismu
- Rezistence nddorovych bunék

Hyrslova Vaculova A., 2012



Apoptoza

m Aktivace specifickych molekul

- kaspdzy, nukledzy...
® Nutné doddni energie ve formé ATP
= Specificka fragmentace jaderné DNA

= Uvolnéni specifickych regulatoru z
mitochondrii

= Zmény symetrie membran

Hyrslova Vaculova A., 2012



Specifické proteiny v regulaci
apoptozy

= Kaspazy

= Inhibitory kaspaz

m Proteiny rodiny Bcl-2

= Mediatory apoptozy uvolfované z
mitochondrii

Hyrslova Vaculova A., 2012



Kaspazy

- cysteinové protedzy, specificky Stépi
proteinové substraty v misté kyseliny
asparagové

- klicova dloha v prenosu apoptotického signalu

- v inaktivni formé (proenzymy, pro-kaspazy) v
cytoplazme
- Stépenim vznika aktivni kaspaza schopna
ddle stépit tzv. ,death substraty” a

vyznamné se tak podilet na Sireni
apoptotického signdlu a exekuci apoptozy

Hyrslova Vaculova A., 2012



Kaspazy - klicové reguldtory apoptozy

32-57kDa

I Asp-X QACXG Asp-X I
N - -C
Prodomain Large subunit Small subunit
(2=25kDa) (17-21kDa) (10-13kDa)
Long Short

=
Initiator caspases @tﬁr cas@
(Caspase-2 Caspase-8 Caspase-3
Caspase-9 Caspase-10 Caspase-6 ,death substrates*
\ Caspase-7
PIDDosome DISC
v (Vaculova et al., 2008)
apoptosome
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Iniciacni versus efektorove kaspazy

= Dlouha prodoména
= Monomery inaktivni

= Aktivace na drovni
multiproteinovych
komplex

= Autokatalytické
Stépeni

= Krdtkd prodoména

= Dimery inaktivni

= Aktivace primym
Stépenim iniciacnimi
kaspazami

= Neni autokatalytické
Stépeni

Hyrslova Vaculova A., 2012



Stépeni/aktivace kaspdz

Proteolytické Stépeni v mistech mezi malou a velkou
katalytickou podjednotkou (Asp)

Aktivni kaspdza - heterotetramer ze dvou
heterodimeru odvozenych ze dvou puvodnich molekul
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Mitochondrial
alleptimls

Proteolytic activity of P i

caspases is crucial prerequisity a ﬁ::"”d;ﬂ

for apo PtOfiC phenotype PS -...hf ; ..-FH f"‘:[ L ﬁﬂglllﬂlltﬂtiﬂ“
e activation
“Biebbing "~

O Degr‘adation of structural proteins - cytoskelet (e.g. keratins)
and nucleus (e.g. nuclear lamins)

- Plasma membrane blebbing and nuclear condensation

= Exposure of phosphatidyl serine at the cell surface
- Important ,eat me" signal for phagocytes

= Cleavage of negative regulators of apoptosis and disabling their
function (caspase inhibitors, antiapoptotic Bcl-2 family proteins..)

= Activation of important apoptotic players by cleavage (Bid,
effector caspases...)

= Cleavage of proteins involved in r'e%ula'rion of DNA synthesis,
repair, degradation (ATM, ICAD, PARP, polymerases...)

= And many others... Hyrslova Vaculova A., 2012



Kaspdzy a nddorové onemocnéni

Deregulace na drovni kaspaz u nddorovych bunék

absence pr”*islu§né kaspézy (methylace promotoru atd.)
mutace kaspaz, nefunkéni

inaktivace v dusledku upregulace prirozenych
inhibitoru

bloky v ,upstream™ signdlnich drahdch

Hyrslova Vaculova A., 2012



Dvé hlavni drdahy indukce apoptozy

® Vnitrni - intrinsic pathway” - ,mitochondrial
pathway”, spousti se uvnitr burky, kliCova dloha
mitochondrii a iniciacni kaspazy-9 (-2)

m VnéjsSi - ,extrinsic pathway" - ,death receptor

pathway", zaéina u povrchovych receptori
smrti, klicova role iniciacni kaspazy-8 (-10)

= Centradlni molekuly obou drah - kaspazy - obé
drahy se ,sbihaji' na drovni efektorovych
kaspaz, které dale stépi specifické substraty v
burice a umozni tak prubéh exekucni faze
apoptozy

® MozZna interakce obou drah na ruznych drovnich
v bunce, ,cross-talk"

Hyrslova Vaculova A., 2012



Dvé hlavni drdhy aktivace kaspdz a
spusténi apoptozy

Mitochondrion
Bcl-2 family
proteins

(Calvino-Fernéndez et al., 2010) Hyrslova Vaculova A., 2012



Endogenni inhibitory kaspaz
m TAPs - ,inhibitor of apoptosis proteins”

m cIAP1, cIAP2, XIAP, survivin

- vazi se na prokaspdzy a kaspdzy a
blokuji jejich aktivitu, mohou inhibovat

OOOOO

ruzné mechanismy

Hyrslova Vaculova A., 2012



Mammalian IAPs

Mammals
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Regulace IAPs

= transkripcni
= translacni
m Posttranslacni (ubiquitinylace)

m Interakce s jinymi proteiny
(Smac/DIABLO, Omi/Htra)

= Selektivni downregulace IAP:
- Anti-sense oligonucleotidy
- Smac mimetics

Hyrslova Vaculova A., 2012



Deregulace of IAPs

m TAPs - proteiny efektivné modulujici aktivitu
iniciacnich i efektorovych kaspaz, vnéjsi i
vnitrni drdhy

m Vazné dusledky deregulaci

= Overexprese u rady typu nadoru (inhibice
apoptozy)

- Vyznamna dloha v regulaci vyvoje nadorového
onemocneéni a citlivosti nddorovych bunék k
terapii

- Latky schopné inhibice IAPs - slibna
protinddorova terapeutika

Hyrslova Vaculova A., 2012



IAP antagonists in clinical trials for
cancer freatment

® More than 50 patents have been filled during
the last ten years aimed in blocking IAP
function and stimulate apoptosis

= Trigger autoubiquitinylation and proteasomal
degradation of IAPs

Table 1| IAP antagonists in clinical trials

Organization Compound Condition Clinical
name stage
Genentech GDC-0152 Locally advanced or metastatic solid Phase |

malignancies, or non-Hodgkin’s
lymphoma without leukaemic phase

Novartis LCL161 Advanced solid tumours Phase |
Pharmaceuticals

Tetral ogic TL32711 Solid tumours and lymphemas Phase |
Pharmaceuticals

Ascenta AT-406 Advanced solid tumours and Phase |
Therapeutics lymphomas

Human Genome  HGS1029 Advanced solid tumours and Phase |
Sciences lymphomas

|AP, inhibitor of apoptosis.

(6yrt-Hansen, Meier 2010) Hyrslovéd Vaculovd A., 2012



Vnitrni drdha indukce apoptozy

m Konvencni radioterapie a chemoterapie
- spusténi vnitrni drahy indukce apoptézy
(poskozeni DNA, aktivace p53 - zavisla
na p53, aktivace kaspaz a mitochondrii...)

- neselektivné u nadorovych i normalnich
bunék, casté a cetné vedlejSi ucinky

Priklady chemoterapeutickych latek:

- cisplatina, oxaliplatina, etoposid,
doxorubicin, 5-fluorouracil atd.

Hyrslova Vaculova A., 2012



Apoptotic stimuli Vnitrni drdaha

UV irradiation, growth factor
* *' withdrawl, etc.
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Mitochondrie a apoptdza

= Dulezita dloha mitochondrii v regulaci
apoptozy

= Klicové regulatory v mitochondriich -
proteiny r'odiny Bcl-2

® Zmeény na drovni mitochondrialni
membrany - membranovy potencial,
tvorba poru, produkce ROS

= Uvolnéni proapoptotickych proteinu z
mitochondrii - cytochrom c, AIF, endoG,
Smac/DIABLO, Omi

Hyrslova Vaculova A., 2012



Proteiny rodiny Bcl-2

= Dulezité requldtory apoptézy na drovni
mitochondrii

= Rodina asi 30 proteind, pro néz je
charakteristicka pritomnost tzv. domény
BH (Bcl-2 homology), které
zprostredkovavaji interakce s jejich
vazebnymi partnery

= Patri sem proteiny jak s proapoptotickou,
tak antiapoptotickou funkci, na jejich
rovnovdze pak zavisi osud burky

Hyrslova Vaculova A., 2012



Bcl-2 family classification

= Antiapoptotic multidomain
» Bcl-2 homology domains BH1-4
+ OMM, cytosol, membrana ER
+ Primo se vdzi s proapoptotickymi cleny rodiny
Bcl-2 a chrani integritu OMM
- Bcl-2, Bcl-XL, Bcl-w, Mcl-1, Al
= Proapoptotic effector

- Indukuji MOMP a vyliti apoptotickych medidtori
z mitochondrii

- Bax, Bak, (Bok)
= Proapoptotic BH3-only
- Bid, Bim, Noxa, Puma, Bmf...

Hyrslova Vaculova A., 2012



Proteiny rodiny
Bcl-2

Regulace
mitochondrialni
drdhy indukce

apoptdzy

NATURE REVIEWS [ MOLECULAR CELL BIOLOGY
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Antiapoptotic multidomain
Bcl-2 family proteins

= Blokace mitochondridlni drdhy indukce
apoptdzy

® Interakce s proapoptotickymi ¢leny
rodiny Bcl-2 a jejich inhibice

m Casté overexprese u rady typl hadord
(hlavné proteiny Bcl-2 a Mcl-1)

- Nddory pak rezistentni ke konvencné
pouzivané chemoterapii

Hyrslova Vaculova A., 2012



,Proapoptotic Bcl-2 family effectors"

= Prima aktivni dloha v aktivaci mitochondrialni
drdhy apopfézy
= Stimulace zmén v mitochondrialni membrane,

které vedou k uvolnéni proapoptotickych
mediatord, formace port

m Interakce s antiapoptotickymi proteiny
rodiny Bcl-2

= Absence nebo inaktivace u nékterych typu
nadory

Hyrslova Vaculova A., 2012



BH3-only proteins

= Aktivovany plisobenim stresu B3 only
rdzného druhu i | e )
m Ucast v radé signdinich drah HRK B[
.Signal-specific activation™ o [ B T
= Transkripcni nebo .
v o 1. BAD ( BB 0.
posttranslacni aktivace
= Stimulace apoptézy v 0 | g e
pritomnosti proteintd Bax nebo s ( B[ )0
Bak
NOXA ( (B[ il
O (B )20

NATURE REVIEWS [ MOLECULAR CELL BIOLOGY
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BH3 only proteins classification

m Sensitizers/derepressors
Bind only antiapoptotic Bcl-2 family members
Bad, Noxa, Puma, Bik, BMF, HRK

m Direct activators

* Interact with both antiapoptotic and proapoptotic Bcl-2
family proteins

» Can directly activate Bax or Bak and induce MOMP
(induce Bax/Bak oligomerization and pore-forming activity)

Bid, Bim, (Bok)

b Indirect activator model Direct activator—derepressor model
Sensitizer Direct activator

BHE—Gnl}r protein BH3-only protein BH3-only protein
.

Active J' / Active
Anti-apoptotic Anti-apoptotic
BCL-2 protein E'M‘ ':'" “ BCL-2 protein /) e O BAK

(Tait et al., 2010) Hyrslova Vaculova A., 2012



BH3 only proteiny a nddorova onemocnéni

= Chrani burky pred maligni transformaci

= latky napodobujici jejich plsobeni jsou
vyuzitelné jako slibna strategie pro posileni
dcinnosti protinadorové terapie

m BH3 mimetics

- Malé molekuly, které jsou strukturné a funkéné
podobné BH3 only proteinim

- Selectivné specifické pro konkrétni antiapoptotické
proteiny

- Ve fazi klinického a preklinického testovani

Hyrslova Vaculova A., 2012



BH3 mimetics

m ABT-737
- One of the most advanced and best-characterized BH3 mimetics
- Predominately binds to Bcl-2, Bcl-xL, Bcl-w

- Effective inductor of cell death, especially in tumour cells
overexpressing Bcl-2, but only in the reesence of Bax or Bak

- Can cooperate with conventional chemo- and radiotherapy in many
hematological malignancies and solid tumor

m ABT-263
- Orally available derivative of ABT-737
- Antitumor properties in multiple models
- In clinical trials for lymphocytic leukemia, lymphoma, SCLC

m Gossypol (AT-101)

- Natural phenolic compound found in cotton plants
- Inhibits Bcl-2, Bcl-xL, Bcl-w, Mcl-1
- In clinical trials for prostate cancer, lymphocytic leukemia, SCLC

Hyrslova Vaculova A., 2012
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Bcl-2 family and cancer
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Figure 3 The apoptotic blocks used by cancer cells. To evade apoptosis, cancer cells select for blocks 1n apoptotic signahng. These
blocks have been categorized based on which group of the BCL-2 family is altered. A class A block is caused by a loss of BH3-only
proteins, a Class B block 15 caused by loss or inactivation of BAX and BAK and a class C block 15 caused by enhanced expression of
anti-apoptotic BCL-2 proteins. After activation and insertion of BAX and BAK into the mitochondrial membrane, the mitochondrial
puter membrane is permeabilized (MOMP), enabling the release of cytochrome ¢ and activation of apoptosis.

(Chonghaile et al., 2009)
Hyrslova Vaculova A., 2012



Mediatory apoptozy
uvoliované z mitochondrii

= Cytochrom c - aktivace kaspdazy-9 na drovni
apoptozomu

= Smac/DIABLO - inhibuje IAPs - prispiva
tak k aktivaci kaspaz

= Endo6G - mitochondrialni nukleaza,
translokuje se do jadra, kde Stépi DNA

= Omi/Hira - serinova proteaza, antagonista
nekterych IAPs

= AIF - translokovdn do jadra, iniciace rady
procesu apoptozy vcetné napr. kondenzace
chromatinu

Hyrslova Vaculova A., 2012



Mechanismus plsobeni Smac/DIABLO a Omi/Htra2

- . : Caspase dependent
ROS = 'ﬁg/ 0 — D_.-m:hmmﬂ::

Eamr:*"""f \ .ﬂmf‘l

AIF w
| | 3‘*"*““'

Mature Reviews | Molecular Cell Biology
(Jin, Reed, 2002)
Hyrslova Vaculova A., 2012



Smac/DIABLO

= Smac: second mitochondria-derived activator of caspases
(first was cytochrom c)

m DIABLO: Direct Inhibitor of Apoptosis-Binding protein
with LOw pI)

= Po plisobeni apoptotického stimulu je uvolfiovan z
mitochondrii a spousi apoptotické signalovani

= inhibuje cIAPs (XIAP, cIAP1/2)

= Posileni exprese Smac vede ke zvySené citlivosti
nadorovych bunék k apoptoze
= Vyvoj peptidi a malych syntetickych molekul, které
napodobuji funkce Smac v burice a podporuji indukci
apoptozy
- Eliminace nddorovych bunék, jejich zcitlivéni k Gcinkdm
protinadorové terapie

Hyrslova Vaculova A., 2012



Cytochrome ¢

The role of cytochrome c in
apoptosis was first described when
addition of dATP to cytosolic * Momalondtions b Upon poptoti st
extracts induced caspase activity (o [

(Liu et al., 1996) 3

Microinjection of cytochrome c intc -
cytoplasm of mammalian cells
induces apoptosis

Cytochrome c -deficient cells were
resistant to many apoptotic
stimuli, and showed decreased Eat -
caspase-3 activation N
In mitochondrial membrane " .
cy‘l'gc.:}“rjo.me C gz agsocu?'red :jv.lf:‘.l .

cardiolipin, oxidation of cardiolipin ona-Lina et al. 2008
disrupts the interactions, which (Yong-Ling - 2008)
leads to cytochrome c release

Cardiolipin oxidation Oxidizad =

O

Detached
cytochrome ¢

-
Cristae remadelling cardiolipin 2

Anchored
cytochrome ¢ ?_.:
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Apoptozom

Multiproteinovy komplex slozeny z cytochromu c, Apaf-1, ATP, kaspazy-9
slouzi jako platforma pro aktivaci kaspazy-9

funkce zavisi na dodani energie (ATP)

[Cj-qu dADP

o KL >

Cytochrome ¢
APAF]

dATP dADP
PHAPT
—_—

Apoptosome

l ATP ERK] or ADP
APAF] aggregation ERK2

CDKl

(Tait et al., 2010) Hyr$lové Vaculové A., 2012



Apoptotic stimuli Vnitrni drdaha

UV irradiation, growth factor
* *' withdrawl, etc.
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Vnéjsi draha indukce apoptozy

= Novéjsi pristupy - spusténi vnéjsi drahy
indukce apoptozy, specificky pres
povrchové receptory, vyhody:
- nezdvislost na p53
- vyssi selektivita

.....

Vice nez 50% nadord - mutace p53, pro tyto
nadory se jevi indukce apoptdzy pres
povrchové receptory velmi slibnou, vyborna
alternativa ke konvencnim terapeutickym
pristuptm

Hyrslova Vaculova A., 2012



Apoptoza zprostredkovana pres
povrchové receptory smrti

= Tzv. .death receptory” - receptory smrti,
pres né dochadzi ke spusténi apoptozy
indukované tzv. ligandy smrti - ,death
ligands™

m Patri do rodiny TNF (tumor necrosis factor)

= Obsahuji tzv. ,,death doménu”, ktera umozni
pokracovani prenosu apoptotického signdlu
(vazba s dalsimi ¢leny signalni drahy)

Hyrslova Vaculova A., 2012



Aplikace TRAILu - atraktivni cileny
pristup v protinadorové terapii

Vyhodné vlastnosti - selektivita pro nddorove
bunky, nizka toxicita pro zdrave bunky
organismu, ale:

Posledni dobou se ukazuje, Ze rada )
nadorovych bunék je rezistentni k apoptoze
indukovane TRAILem

popis signadlnich drah TRAILu je proto velmi
dulezity pro pochopeni mechanismu pusobeni,
mechanismu rezistence a pro spravne
zacileni protinadorove terapie

Hyrslova Vaculova A., 2012



TRAIL-induced apoptotic signaling
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Kaspaza-8

Naprosto klicova molekula v prrenosu apoptotickeho
signalu TRAILu z receptoru do nitra bunky

Po vazbé TRAILu na DRs dochazi k tvorbé DISCu,
vazbé pro-kaspazy-8 do DISCu (pres protein
FADD) a jeji aktivaci

Iniciacni kaspdza, aktivovand ve dvou krocich,
autokatalyticke Stepeni

Kompetitivné inhibovana pomoci cFLIP

Mnozstvi aktivované kaspdzy-8 je klicové pro dalsi
osud bunky

- Hodné aktivni kaspazy-8 - primé Stépeni kaspazy-3 a
exekuce apoptozy (bunky typu I)

- Malo aktivni kaspdzy-8 - nutna amplifikace apoptotického
signalu pres mitochondrie, kaspaza-8 stépi protien Bid,
ten 'rr]':c::([r)\slokovan do mitochondrii, spusténi drahy (bunky
typu

Hyrslova Vaculova A., 2012



Specifické stépeni kaspazy-8
dva hlavni kroky

Exon 9 D374

D216 D384

o .
|

(Lavrik et al., 2005)
Hyrslova Vaculova A., 2012



cFLIP a nadory

= U rady typl nddoru je zvySend exprese
proteinu cFLIP

= Rezistence k apoptoze zprostredkované pres
povrchové receptory

® Modulace anti-apoptotického signalovani
(NF-kB, Akt/PKB, MAPK)

Hyrslova Vaculova A., 2012



V radé pripadu se ukazuje, Ze
monoterapie vyuzivajici TRAIL je
nedostacujici - velka Sance ve
vyuziti kombinované terapie -
TRAIL + chemoterapeutické latky

Hyrslova Vaculova A., 2012



Kombinovana terapie

apoptosis

http://ww.helmholtz-muenchen.de/typo3temp/pics/d6439b2eea.gif
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Kombinovana terapie

= TRAIL + chemoterapie/radioterapie

= Chemoterapeutické latky zvysuji citlivost
nadorovych bunék k apoptoze indukované
TRAILem
- Pomoci ruznych molekularnich mechanismu
- Na ruznych drovnich signalni drahy TRAILu

- S ohledem na typ pouzitého chemoterapeutika
(koncentrace, aplikacni schema atd.)

- S ohledem na typ léceného nadoru, typ bunék
- S ohledem na typ rezistence bunék atd. (type I, II)

Hyrslova Vaculova A., 2012



Two main routes of caspase activation
and apoptosis triggering

Mitochondrion
Bcl-2 family
proteins

(Calvino-Fernéndez et al., 2010) Hyrslova Vaculova A., 2012



Kontrola aktivace kaspay probiha na
nékolika drovnich

= cFLIP

m cIAPs
- XIAP, cIAP1, cIAP2, survivin

m inhibitors of IAPs -
- Smac/DIABLO, Omi/Htra

m Bcl-2 family proteins
- proapoptotic - Bid, Bax, Bak, Bim, Bad
- antiapoptotic - Bcl-2, Bcl-xL, Mcl-1

Hyrslova Vaculova A., 2012



= Které molekuly zapojené v regulaci
apoptdzy jsou nejslibnéjsim cilem
protinddorové terapie a proc?

Hyrslova Vaculova A., 2012
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Deregulation of apoptosis in cancer cells

= Typical characteristics of cancer cells - deregulation
of apoptosis, ,wrong apoptotic program®
- suppression of spontaneous apoptosis
+ survival advantage of tumour

- resistance to the effects of apoptosis inductors

m Goal of anticancer therapy

- selective elimination of cancer cells by
reactivation of apoptotic program,

- without any harm to normal surrouding tissue

Search for and testing agents with the
ability to effectively trigger apoptosis
signaling pathways in cancer cells

Hyrslova Vaculova A., 2012
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Main goals of anticancer research

Reactivation of apoptotic program in cancer cells
resistant to killing

Identification of the specific blocks in apoptosis
pathways in cancer cells

Selective targeting of cancer cells at the level of
the specific signaling molecules

Testing killing efficiency of novel and
conventionally used chemotherapeutic drugs

Increase effectiveness of therapy by combination
of anticancer drugs (as monotherapy is often
insufficient)

Hyrslova Vaculova A., 2012



= Které molekuly zapojené v regulaci
apoptdzy jsou nejslibnéjsim cilem
protinddorové terapie a proc?

Hyrslova Vaculova A., 2012



Mechanismy bunécné smrti,
vyznam, metody

Bi8870
RNDr. Alena Hyrslova Vaculovd, Ph.D.

.. vzdy v jarnim semestru, 2 hodiny tydné
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Dekuji za pozornost!

VasSe pripadné dotazy smérujte na adresu:

vaculova@ibp.cz

Hyrslova Vaculova A., 2012
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